Purpose -The purpose of the paper is to examine the nature and extent of gender and spatial inequalities in educational attainment in Ghana. Design/methodology/approach -The paper uses the education Gini coefficient, computed on the basis of years of schooling of individuals, to assess education inequality in Ghana. Findings -The paper finds evidence of gender and spatial inequality in education in Ghana. In particular, the three northern regions have lower education attainment as well as higher education Gini coefficients compared to the rest of the country. The paper finds evidence of intra-gender and intra-spatial inequalities in education attainment in Ghana, with females contributing proportionately more to the within-inequality component of the education Gini. The paper also finds a positive correlation between poverty incidence and education inequality.
Introduction
The importance of education is globally acknowledged as two of the eight Millennium Development Goals (MDGs) adopted at the United Nations Millennium Summit in September 2000 focus on education. First is to achieve universal basic education by 2015, and second, to achieve gender equality at all levels of education by 2015. Many developing countries are thus striving for universal basic education and are pursuing policies to improve their education systems generally. The role of education in improving welfare and alleviating poverty in Ghana has long been recognized. Many of Ghana's development plans have emphasized the importance of education. More recently the Growth and Poverty Reduction Strategy: 2006-2009 (GPRS II) document has emphasized education's important role. For instance, the GPRS II aims at enhancing access to education, with emphasis on reducing gender and geographical disparities (Republic of Ghana, 2005) . Equal access to education makes possible social and economic mobility of the poor. By enhancing the skills of underprivileged groups, education can be an important route to escaping poverty (Appleton et al., 2003) . There is therefore a growing body of literature on education inequality, with the education Gini coefficient being accepted as a fairly good indicator of education inequality (Thomas et al., 2001 (Thomas et al., , 2002 . While some studies (Thomas et al., 2001) , have examined education inequality from a cross-country perspective, others (Zhang and Kanbur, 2005) have analyzed within-country education inequality. Over the past two or so decades, increasing attention is being paid to issues of equity in education as several studies have suggested significant inequalities in education across countries (Maas and Criel, 1982; Lopez et al., 1998; Thomas et al., 2001; Zhang and Li, 2002) and among various groups and geographical locations within countries (Maas and Criel, 1982; Sheret, 1988; Alwy and Schech, 2004; Zhang and Kanbur, 2005; Qian and Smyth, 2005; Mesa, 2007; Trabelsi, 2010; Asadullah and Yalonetzky, 2010) . Apart from quantity, there are also concerns about education inequality arising from quality differences in education across locations and among groups. In the case of Ghana, Canagarajah and Ye (2002) observe that when adjusted for quality, education inequality can be significantly worse as urban dwellers and the non-poor receive more education of higher quality while rural people and the poor get less education and of lower quality. In spite of the above, an encouraging global trend however is declining education inequality over time (Lim and Tang, 2006) . Sahn and Younger (2006) find similar results for a number of Latin American countries as well as Asadullah and Yalonetzky (2010) for India.
In recent times increasing attention is being paid to spatial disparities in economic development debates. While The World Bank (2009) notes that the concentration of economic activity is inevitable and may be desirable for economic growth, large spatial disparities in welfare levels that often accompany this concentration are undesirable. Clearly then, spatial dimensions matter in any analysis of education inequality. The MDG target to achieve gender equality at all levels of education by 2015 signifies gender differences in several economic and social indicators across the globe, especially in developing countries.
Ghana has made substantial progress in the reduction of poverty nationally over the last one-and-a-half decades but significant geographical differences exist in the incidence of poverty (Ghana Statistical Service, 2000 , 2007 . The country is also confronted with rising inequality among various population groups (Coulombe and Wodon, 2007) . Indeed, there are significant geographical and gender disparities in asset ownership and access to social services including education and health (Ghana Statistical Service, 2000 , 2007 which call for in-depth analysis. While income inequality has received much attention from researchers, seldom have studies focused on education inequality. This paper therefore seeks to add to the growing literature on education inequality, particularly, by exploring the gender and geographical disparities in education attainment in Ghana using the education Gini coefficient. Knowing the nature and extent of education inequality is important as it will enable policies to be designed to address such inequalities and to minimize any welfare losses to society. While it is important to ascertain disparities across geographical space and between genders, it is equally useful to explore "within" inequalities. The paper therefore also examines "intra-gender" and "intra-spatial" inequalities in education by decomposing the education Gini coefficient into "within" and "between" components to ascertain the relative importance of within-inequality. Finally, the paper explores the possible correlation between the education Gini coefficient and the incidence of poverty across geographical space.
An earlier study on education inequality in Ghana by Appiah-Kubi (2003) was based on the Ghana Living Standard Surveys 1, 2, 3 and 4 data sets collected in 1987/1988, 1988/1989, 1991/1992 and 1998/1999, respectively . Using the education Gini, Appiah-Kubi (2003) observes a declining trend in education inequality but also finds evidence of gender and geographical inequality in education in Ghana. One shortcoming of Appiah-Kubi's study is the lumping together into one category of individuals who ever attended school but obtained no qualification (certification). For this category of persons, he assigns three years of schooling to each individual. However, a person who has completed a year of senior high education, for instance, certainly has more years of schooling than someone who has completed only a year of junior high school. To correct for this shortcoming, this paper introduces a measure of "partial completion" at each cycle of education. Other points of departure of this paper from Appiah-Kubi (2003) is the decomposition of education inequality to examine "intra-spatial" and "intra-gender" inequalities, exploring the link between education inequality and poverty and the use of more recent data.
The rest of the paper is organized as follows. The next section gives a brief overview of Ghana's education system. Section 3 outlines the methodology and describes the data. Section 4 presents and discusses the results. The last section concludes with policy implications.
2. An overview of Ghana's education system The education system in Ghana is currently grouped under three main sub-sectors, namely:
(1) basic education; (2) secondary education; and (3) tertiary education.
In 1987, the education system was re-structured with the introduction of the junior secondary school (now called junior high school) program. Under the new structure, the 6-3-3-4 system was introduced, comprising of six years of primary-school education, three years of junior high-school education, three years of senior high-school education and a minimum of four years of tertiary education. The six years of primary-school and three years of junior high-school education constitute the basic education level which is supposed to be compulsory and free for every Ghanaian child of school-going age. A subsequent review of basic education led to the introduction of two years of kindergarten in 2007. Basic education now consists of two years of kindergarten, six years of primary, and three years of junior high school. Similarly in 2007 senior high school education, which comprises traditional secondary schools as well as technical and vocational institutions, was changed from three to four years[1]. The tertiary sector includes universities and university colleges, polytechnics, and other professional and specialized institutions such as teacher and nurses' training colleges (Effah and Senadza, 2008) . Tertiary institutions such as nursing, agriculture, teacher training and polytechnics provide certificate and diploma programs of between two and three-years duration. There is a very significant and ever growing level of private participation in the provision of basic and secondary education in Ghana. The provision of tertiary education in Ghana has for many years been the sole responsibility of government. In recent years, however, there has been an upsurge in the private provision of tertiary education (Effah and Senadza, 2008) .
The main goal of the education sector as outlined in the Growth and Poverty Reduction Strategy (GPRS II) document is to provide relevant education for all Ghanaians to enable them acquire skills, which will make them functionally literate and productive to facilitate poverty reduction and promote wealth creation (Republic of Ghana, 2005) . One of the areas of emphasis in achieving this goal is to enhance access to education, with a reduction in gender and geographical disparities. A number of policy measures are therefore being pursued to enhance access to and raise the quality of formal education at all levels.
In line with the MDG of ensuring gender equality at all levels of education by 2015, the government is adopting measures to ensure gender parity in access to education such as providing incentive/scholarship schemes to increase girls' enrolment, retention and completion, particularly in deprived communities, and sensitizing parents and communities on the importance of girls' education (Republic of Ghana, 2005) . Table I presents trends in gross and net school enrolments at the primary school level between 2004 and 2009, and shows consistent increases in both enrolment indicators over the period. However, more needs to be done in closing the geographical gap that exists between the three northern regions [2] on one hand and the rest of the country on the other. Table II also presents information on average gross and net enrolment rates from 2003 to 2008 but from a gender perspective. It is clear from Table II that gross and net enrolments rates are higher for males than females at both primary and secondary levels, and this can be read as an indication of the existence of a gender gap in education. Table III shows the survival rates at primary and junior high levels. The survival rate measures the percentage of pupils or students who remain and complete school after enrolment. The survival rate therefore gives a fair idea about the proportion of students who drop out of school. From Table III , it is evident that survival rates are lower for females than for males, implying a higher dropout rate for girls than boys.
Thus, there is some statistical evidence of gender and spatial disparities at the basic education level in Ghana.
Methodology and data

Methodology
The paper adopts the education Gini coefficient as the main index for assessing the nature and extent of education inequality in Ghana. The computation of the education Gini follows the principles for calculating income Gini coefficients (Thomas et al., 2001) [3] . In this paper, the education Gini coefficient is calculated based on the distribution of the years of schooling of persons aged 15 years and above, following the example of several previous studies including Thomas et al. (2001) . To calculate the years of schooling for each individual, the paper employs the educational attainment levels used by Thomas et al. (2001) with some slight modification. In Thomas et al. (2001) the population aged 15 years and above was divided into seven categories, namely, no-schooling (or illiterate), partial primary, complete primary, partial secondary, complete secondary, partial tertiary, and complete tertiary. Given the structure of Ghana's education system, with a two-tier secondary level, that is, junior high and senior high, the paper uses nine categories of education attainment instead. Following Thomas et al. (2001) , the number of years of schooling at each of the nine levels is given as follows: where y i is the years of schooling at education attainment level i (for i ¼ 1, 2. . .9), and C P , C J , C S and C T are the cycles of complete primary education, complete junior high education, complete senior high education and complete tertiary education, respectively [4] . Following Araar and Duclos (2009), we define the Gini coefficient as the half of the relative mean difference (RMD). The mean difference (MD) is the expected distance between two randomly selected incomes (or years of schooling) in a population (Araar and Duclos, 2009 ). The RMD is the mean difference divided by average years of schooling (AYS).
That is:
and:
where m is the mean years of schooling, n is the total number of observations, and y i and y j are the years of schooling of individuals i and j, respectively. The education Gini is calculated using the DASP software developed by Araar and Duclos (2009 Being a probability survey, the Ghana Statistical Service maintains a complete list of enumeration areas (EAs), together with their respective population and number of households. A two-stage stratified random sampling design was used, whereby the EAs were designated as primary sampling units (PSUs) and the households within each EA constituted the secondary sampling units (SSUs). The EAs were first stratified into ten administrative regions and within each region the EAs were further subdivided according to rural and urban areas of location. The EAs were also classified according to the three ecological zones (coastal, forest and savannah) as well as other spatial classifications. The GLSS collects detailed information on demographic characteristics of households and individuals, and all aspects of living conditions including health, education, housing, household income, consumption and expenditure, credit, assets and savings, prices and employment. The GLSS 5 survey collected information on 8,687 households and 37,128 individuals. Of the 37,128 individuals, 22,143 were aged 15 years and above. The educational attainment of 11 observations were found to be ambiguous and therefore were dropped, leaving a total of 22,132 observations for analysis, comprising of 10,414 males (47.1 percent) and 11, 718 females (52.9 percent). Table IV shows the number of years of schooling for the nine different levels of education attainment based on the formula for calculating the number of years of schooling at each of the nine education attainment levels defined above. Education inequality in Ghana 4. Results and discussion 4.1 Gender and spatial patterns of education inequality Table V presents the distribution of the population based on the nine categories of schooling years described in Table IV . Table V shows that about 33 percent of the population have zero years of schooling [5] . There is a 16 percentage point gap between females (40.2 per cent) and males (24.2 per cent) with no-schooling. The proportion of males with a positive number of schooling years is however always greater than the proportion of females above the complete primary level. The gap between males and females is particularly higher for complete junior high and complete senior high. More females than males have partially completed primary education, an indication of higher school drop-out rates for females at this level.
The distribution of the AYS by various spatial classifications is presented in Table VI [6] . The AYS for Ghana as a whole, is 5.6 years. However, the AYS for males (6.6 years) is about two years higher than that for females (4.7 years), indicating the existence of a gender-gap [7] in educational attainment, although there are spatial differences in the gender-gap. Spatial disparities exist in the distribution of the AYS whereby urban, coastal and forest locations have higher AYS compared to rural and savannah locations ( However, rural coastal and rural forest areas have higher AYS compared to the urban savannah. Accra (defined as the Greater Accra Metropolitan Area (GAMA)), the capital city, has the highest AYS overall (8.9 years) as well as gender-wise (9.7 years for males and 8.1 years for females), while rural savannah has the least AYS (2.1 years, 2.7 years and 1.5 years for entire sample, male sample and female sample, respectively). In terms of administrative region, Table VI indicates that the three northern regions, namely, Northern, Upper East and Upper West regions trail the rest of the country in terms of educational attainment. While the AYS averages about two years for the three northern regions, the AYS for the rest of the country ranges from 5.4 years in the Brong Ahafo region to 8.3 years in the Greater Accra region. The gender-gap between the three northern regions and the rest of the country is also staggering. Males in the three northern regions have less than three years of education on average, while the least for the remaining seven regions is 6.4 years (Volta region), with males in Greater Accra on top with 9.3 years. Females in the three northern regions have a maximum of 1.7 years of schooling on average, while the least in the remaining seven regions is 4.5 years for the Brong Ahafo and Volta regions. Thus, while there are significant spatial disparities, wide gender-gaps also exist in educational attainment across geographical space. Source: Author's computation based on GLSS 5 data The geographical differences in education inequality can be partly explained by the differences between the "north" and the "south" in terms of educational institutions, infrastructure and opportunities. The geographical disparities notwithstanding, gender differences in education inequality persist with the education Gini being higher for females than for males, irrespective of geographical location. Thus, in Accra, the Gini for males is 0.19 while the corresponding female figure is 0.27. In the rural savannah, the education Gini is 0.72 and 0.85 for males and females, respectively. The Gini coefficients also reveal that education inequality is higher among females than among males irrespective of region. On average, the education Gini coefficient is 31 percent higher for females than for males, with wide variations across geographical location and administrative region (Table VII) . The relatively higher education Gini coefficient for females implies one is more likely to find extremes in educational attainment among females than among males, which then may signify the presence of intra-gender inequalities in education. The analysis so far indicates that while there is a gender-gap, there is also higher education inequality among the female population. To explore the extent of such intra-gender inequalities, we decompose the total education Gini coefficient into "between-group" and "within-group" components to ascertain their relative contributions. The results are also presented in Table VII . The results support the claim that the major factor driving the value of the total education Gini is the inequality "within groups". Within-group inequality contributes on average 49 percent to the value of the total education Gini, while the contribution of "between-group" inequality to the total education Gini is 16 percent, and this value ranges from a low of 12 percent in the Upper West region to a high of 26 percent in the rural coastal region. Table VII also reports a decomposition of the within-inequality component between males and females. For Ghana as a whole, females contribute a greater share (56 percent) to the within-inequality component compared to males (44 percent). However, there are spatial variations in the relative contributions of females and males to within-inequality. While the education Gini coefficient is generally higher in rural areas than in urban areas, Table VII shows that the contribution to within-inequality is greater among urban females than among rural females. The opposite holds for males. The contribution of females to within-inequality is higher in the coastal and forest zones but lower in the savannah zone irrespective of whether the location is urban or rural. Again, the implication is that there is a wider dispersion in educational attainment among females in coastal and forest regions than in the savannah region, while the reverse obtains for males. Apart from the Northern and Upper East regions, Table VII also indicates that females contribute a greater chunk to the within-inequality component of the education Gini, again confirming the general finding that intra-gender education inequality is higher among females than among males.
As noted by Canagarajah and Ye (2002) , when the quality of education is taken into consideration, education inequality could be significantly worse. Inequality in education may be worsened by variables such as inequitable government expenditure on education across space, differences in pupil-teacher ratios, and inequitable distribution of other education infrastructure. Thus, the observed education inequality in Ghana could be higher when quality adjustments are taken into consideration. However, the data used in this paper does not provide enough information to be able to assess the impact of quality adjustments on education inequality. At best one might infer that the inequality estimates provided in this paper only represent the minimum bound of education inequality in Ghana.
Gender-gap and education inequality
Is there a relationship between the gender-gap and education inequality? To determine this, the paper examines the correlation between the gender-gap and education inequality across geographical space. The gender-gap is bigger if there is a larger (absolute) difference in the respective AYS between males and females for any of the 23 population groups in Table VII . Figure 1 plots a scatter of the education Gini and the gender-gap and reveals a fairly strong positive and statistically significant association between the two (correlation coefficient ¼ 0.593 and p-value ¼ 0.003). In other words, geographical locations with a bigger gender-gap also have higher education inequality. The implication of this finding is that any attempt to reduce education inequality must aim at narrowing the gender-gap as well.
Poverty and education inequality
The literature on education inequality shows that the education Gini coefficient is correlated with poverty and income (Thomas et al., 2001; Mesa, 2007) . The paper explores the link between poverty incidence and education inequality for the 23 population groups. Figure 2 shows a very high positive (and statistically significant) correlation between education inequality and poverty incidence (correlation coefficient ¼ 0.933 and p-value ¼ 0.000)). Thus, education inequality is higher in poorer geographical locations such as the three northern regions and the savannah zone, but lower in the relatively richer locations of Accra and urban coastal.
The strong positive correlation between poverty incidence and education inequality implies that there is the need to create greater equity in educational opportunities across the country. 
Explaining education inequality in Ghana
The key finding from this paper is that apart from gender, there are significant spatial disparities in education in Ghana. From a purely economics point of view, gender disparities in education may be attributed to poverty. When families are poor, they tend to use their limited resources in educating boys rather than girls. This effect may be reinforced by the fact that girls' labor is more beneficial around the house or farm. On both counts there is gender inequality which has its roots in poverty and because of the mutual dependence between education and poverty, the gender gap persists. The higher observed inequality among females than males may also be attributed to the fact all things being equal, relatively wealthy households may give equal education opportunity to males and females in the household, whiles for poorer households, males may be preferred over females in the decision of who to send to school, thus creating higher inequality among the female group than the male group. Apart from the foregoing, gender disparities in education in Ghana can be attributed to various socio-cultural factors which serve as barriers to female enrolment in education. Girls enrolled in school are more likely than boys to be withdrawn from school to help in household chores and family businesses. One might infer spatial neglect, distance, isolation, and other factors as explanations for the spatial education disparities. The observed inequality in education between the southern and northern parts of the country thus reflects the glaring pattern of general inequality in Ghana, which manifests itself in the north-south dichotomy in terms of levels of economic development and the general quality of life (Songsore, 1989; Ewusi, 1976; and Dickson, 1968, all cited in Tsikata and Seini, 2004) . The uneven distribution of natural resources between the north and south is a critical factor. The south is blessed with resources (such as minerals and forest resources) that not only can be exploited directly, but also Education inequality in Ghana is a suitable environment for producing cash crops like cocoa, while the north is less favored with a shorter growing season and erratic rainfall reducing the variety of crops that can be grown (Tsikata and Seini, 2004) . There are also broad differences between the north and the south in terms of social services and infrastructure for which historical explanations can be offered. The British colonial legacy manifested in heavy investments in infrastructure, education and health in more endowed regions of the south account for the observed spatial inequalities (Langer et al., 2007) . Canagarajah and Ye (2002) , notes that the regional disparity in the allocation of public education resources in Ghana is significant, with lower allocations of public resources among the three poorest regions. As a result, northern Ghana has generally lagged behind the rest of the country ( Jebuni et al., 2007 cited in Higgins, 2009 ).
Conclusion
This paper has examined the gender and spatial disparities in education attainment in Ghana using the education Gini coefficient. It has also explored intra-gender inequalities and examined the correlation between poverty and education inequality.
The results show that the distribution of the AYS favors relatively more "endowed" geographical locations. Nationally, the AYS for males is about two years higher than that of females, an indication of the presence a gender-gap in educational attainment. The gender-gap however is not uniform across geographical space. The education Gini suggests that education inequality in Ghana is quite high, and it is higher among females than among males. Rural areas have greater education inequality compared to urban areas, and education inequality increases as one moves from the coastal zone to the savannah zone. The regional pattern of education inequality follows the pattern of the AYS. The spatial differences in education inequality may be partially explained by the differences between the "north" and the "south" in terms of educational institutions, infrastructure and opportunities and the level of economic development in general. These spatial differences in the education Gini notwithstanding, gender differences in education inequality persist, with the education Gini being higher for females than for males, irrespective of geographical location. The relatively higher education Gini coefficient for females signifies the importance of intra-gender inequalities, and the paper finds that within-group inequality is the major factor driving the value of the total education Gini. A decomposition of the within-inequality component between males and females reveals that females contribute a greater share to the within-inequality component compared to males. However, the relative contribution of females and males to the within-inequality component varies widely across geographical location and administrative region.
The paper also examined the relationship between the gender-gap (defined as the difference between the AYS for males and females) and the education Gini. Consistent with most cross-sectional studies, the paper obtains a fairly strong positive and statistically significant correlation between education inequality and the gender-gap, indicating that any attempt to reduce education inequality must also aim at narrowing the gender-gap in education. The paper also finds a very high positive and statistically significant correlation between education inequality and poverty incidence.
The findings have several policy implications. For Ghana to achieve MDG 3 and the education objectives of the GPRS II there must be conscious efforts at narrowing gender and spatial education inequalities using several mechanisms including targeting schemes. In particular, present policy initiatives such as universal primary education, the capitation grant, school-feeding program, incentives to encourage female education and the policy to upgrade one senior high school in each district to "model" senior high school status to compare favorably with the leading schools in the country, will all be critical in addressing the spatial and gender inequities in education in Ghana. Strategies for gender equality in education must also take into account the need for changes in attitudes, values and cultural practices that put girls at a disadvantage when it comes to education. The finding on the relationship between education inequality and poverty has important implications for poverty reduction strategies. The positive correlation between poverty incidence and education inequality implies the need to create greater equity in educational opportunities across the country.
While the paper has demonstrated a positive correlation between education inequality and poverty, in the nearest future, a formal econometric investigation to estimate the effect of education inequality on poverty, income inequality and growth in Ghana, will establish the causal links more clearly.
